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An experimental investigation was made of the way in 
which loads were transmitted to point bearing H-piles in 
sand under a retaining wall. Using a plastic model, the 
moments and axial loads were determined along the length 
of the pile by measuring the strains with electric strain 
gages. A comparison was made of the experimental results 
at the top of the pile and the analytical results at this 
point; the latter obtained from the common practice used 
in design. The comparison was very poor because the 
excessive horizontal load (that part of the horizontal 
load which could not be carried by the batter pile) caused 
uplift in the heel pile and more compression in the batter 
pile, instead of the bending it was thought to impart to 
all piles. The experimental results showed that the axial 
load reduced with depth, and that the moment exhibited a 
sinusoidal damping with depth. 
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area of pile, sq.in. 
axial load 1n pile, lbs. 
batter of model pile, inches in 12 inches 
batter of prototype pile, inches in 12 inches 
distance from neutral axis to extreme fiber 
of pile, in. 
1x 
distance of pile from centroid of p1le group, ft. 
modulus of elasticity, psi. 
eccentricity of vertical load V, ft. 
horizontal load on retaining wall, lbs. 
eccentricity of horizontal load H, ft. 
moment of inertia of pile, in. 4 
length of model pile (vertical), in. 
length of prototype pile (vertical), ft. 
moment of pile cap, ft .lbs. 
moment in pile, in.lbs. 
number of piles 
pile reaction at distance d, lbs. 
total pile reaction, lbs. 
spacing of model piles, in. 
spacing of model pile groups, in. 
spacing of prototype piles, ft. 
spacing of prototype pile groups, ft. 
height of model wall, in. 







vertical load on retaining wall, lbs. 
width of model cap, in. 
flange width of model pile, in. 
flange width of prototype pile, in. 
width of prototype cap, ft. 
web width of model pile, 1n. 
web width of prototype pile 
strain, in./in. 
sum of the squares of the distances to each pile 
from the centroid of the group, ft.sq. 
stress, psi. 
I. INTRODUCTION 
A. Purpose of Investigation 
A retaining wall is commonly established on a pile 
foundation when the soil for a considerable depth is too 
weak or compressible to provide adequate support for the 
structure. The problem of determining the way in which 
loads are transmitted to point bearing piles, both verti-
cal and battered, under a retaining wall is a problem 
not easily solved by all designers. After conversations 
with several consulting engineers, it was found that in 
this field of design, they often felt that more knowledge 
was needed. These uncerta.inties have probably led to 
safety factors much greater than would normally be used, 
but necessary because of the lack of confidence on the 
part of the designer. 
B. Common Practice 
1 
The usual method for analysis of piles beneath a 
retaining wall, or more specifically, piles subject to 
vertical and horizontal loads and a moment, is approached 
in quite a simple manner (1).* The action of the earth 
pressure loads on a retaining wall may be seen in Figure 1. 
A simple statical manipulation of these forces will yield 
a force picture more applicable to this problem, as shown 
in Figure 2a and further reduced in Figure 2b. 










Figure 2. Statical manipulation of forces from Fig~re 1. 
J 
If the pile cap is assumed to act as a rigid structure 
and the piles are fixed from rotation in the cap, the pile 
reactions would act linearly across the cap and directly 
at the top of the piles. These assumptions are not strictly 
valid but are generally considered sufficiently accurate 
for the purpose of design. First to be considered are 
the vertical force and the moment. 
The analysis of a typical pile group, consisting of 
only vertical piles, may be seen in Figure J • If only 
vertical load were present and acted through the centroid 
of the piles, the pile reactions would be shown in Figure Jb. 
But if only moment were present, the reactions would be 
as shown in Figure Jc • The summation of the reactions 
in Figures Jb and Jc are shown in Figure )d. 
It can easily be seen from statics that the total 
moment applied, M, must be resisted by the reactions of 
the piles shown in Figure Jc. The relationship may be 
expressed in the following form: 
M = P1d1 + P2d2 1.1 
Assuming this variation in pile reaction to be linear 
as in Figure J c , then, 
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Substituting this value for P2 in equation 1.1, this 
equation becomes: 
M = P1d1 2 /d1 + P1d22/d1 
Now solving for P1 , 
Pt; = Md1 
d12 + d22 
1.2 
Similarly, the portion of the vertical load due to 
moment on any other pile may be determined if d1 is replaced 
by the distance to the pile in question from the centroid 
of the pile group. 
The total vertical reaction on any pile may be found 
by equation l.J. 
where, 
V + Md ~ - ld2 1.J 
Pt = total pile reaction resulting from moment 
and direct load 
V = vertical load 
M = moment about center of gravity of the group 
n = number of piles in group 
d = distance to pile in question from center 
of gravity 
Zd2 = sum of the squares of the distances to 
each pile from the centroid of the group 
The horizontal force is usually large enough to warrant 
the use of batter piles. It is commonly assumed that the 
vertical load carried by a batter pile is the same as it 
would be if the pile were vertical. Therefore, the vertical 
component of the load applied to a batter pile may be com-
puted by means of equation 1.). It is also assumed that 
all of the horizontal load is carried by the batter piles. 
6 
From Figure 4, it can be seen how the batter of the 
batter piles is determined. Part of a force polygon can 
be drawn using the known vertical, V, and horizontal, H, 
forces. The remaining line needed to close the force 
polygon, between A and B, shows the necessary batter of 
the batter pile. Keeping the batter on a reasonable slope, 
between 2 and 5 to 12, usually means some small excess of 
the horizontal load must be carried in bending by all of 
the piles. 
The assumption that the batter pile carries all of 
the horizontal load is probably inaccurate, but of course, 
on the safe side. The problem that bothers most designers 
is that retaining walls are known to shift laterally due 
to the earth pressure (1). In fact, it is this shift, or 
slip, that allows the use of active earth pressure theory 
for determining the loads acting on the wall. Experience 
and laboratory tests have demonstrated that retaining walls 
can and do displace on the order of 0.1 per cent of their 
height without any undesirable consequences (1). The 
pile cap also rotates to some degree. This displacement 
and rotation can be seen in Figures Sa and 5b. 
c. Method of Investigation 




















(a) Displacement (b) Rotation 




mentioned earth pressure forces are transmitted to H-piles 
in sand under a retaining wall, by experiment using a 
plastic model. The model will consist of a typical three 
pile group sectioned out of a long wall where repetitive 
sections occur. Electric strain gages placed at the top, 
one-quarter, one-half, three-quarter, and bottom points 
on the outside of both flanges will enable the strains at 
these various levels to be investigated when various loads 
are applied. Measuring the strains on both flanges at 
adJacent levels will permit the load in the pile at that 
point to be broken down into an axial load and a moment. 
The experimental data will be compared to that derived 
from the method previously outlined. 
8 
II. REVIEW OF LITERATURE 
The common practice method of design by Peck (1), 
previously described, is not the only method used today. 
A procedure is also outlined by Dunham (2), yet it is 
similar to that of Peck. Probably more procedures unpub-
lished than published are in use, but more than likely 
arrive at similar results through similar or different 
methods of analysis. 
Hrennikoff (J) presents a method of analysis which 
considers the displacement and rotation of the pile cap 
9 
by designating certain constants for these deformabilities. 
The method would take long hours of study to understand 
it enough to apply. The estimation of the pile constant 
is a problem all in its own. In determining these constants, 
the soil modulus, first derived by s. Timoshenko (4), is 
needed. Mr. Hrennikoff has assumed the soil modulus is 
constant with depth, but this is definitely in error (5). 
It is this author's opinion that this method is much too 
involved. 
The vast off-shore oil drilling program has spurred 
much research in analyzing laterally loaded piles (6,7,8,9,), 
but most of this information is unpublished and too tech-
nical for the practicing engineer to apply to retaining 
walls. Also, these studies have been applied to single 
vertical piles, and a knowledge of the soil modulus is 
10 
again needed. Not only does the soil modulus change 
with depth but with the number of piles in the group (10). 
' Hetenyi (11) has developed some equations involving 
beams on elastic foundations with axial loads that could 
be applied to piles, but again, the problem of a suitable 
foundation modulus is encountered. 
11 
III. MODEL DESIGN AND FABRICATION 
A. Design of Model 
Before an accurate model could be built, a prototype 
was needed on which to base its design. The three pile 
group previously discussed was chosen for this purpose. 
This group consisted of two vertical piles and a bat-
tered pile under the toe. The following are the dimen-
sions of the prototype piles, pile cap, and retaining 
wall: 
LP = length of pile (vertical) = 40 feet 
Wfp = flange width = 1 foot 
Wwp = web width = 1 foot 
SP = spacing of piles = J feet 
tp = height of wall = 20 feet 
wp = width of cap = 9 feet 
sp = spacing of pile groups = 6 feet 
bp = batter = J" in 12" 
Using a scale factor of 24, the dimensions for the 
model become (12): 
L = 20 inches 
Wf = 1 inch 
Ww = 1 inch 
S = 1.5 inches 
t = 10 inches 
w = 4.5 inches 
s = 3 inches 
b = 3" in 3" 
The piles the author was trying to simulate were 12BP74; 
but to have a geometrically similar model, the ~langes 
12 
and webs would have had to be paper thin. Because 1/16 inch 
thick plexiglass was used in fabricating the piles, the 
area and moment o~ inertia were distorted. Also, the 
modulus o~ elasticity of the model and of the soil was out 
o~ geometric proportion. Because so much o~ the model was 
distorted, no predictions were made as to how another 
model should act. The model analysis was used only to 
arrive at a model of similar shape and con~iguration. 
Experimental answers using the model were compared to 
analytical answers using the model's dimensions and loads. 
B. Fabrication o~ Piles 
Each pile was made ~rom three pieces or 1/16 inch 
thick plexiglass, two identical pieces for the flanges, and 
another piece for the web. First, the pieces were cut to 
the proper size, allowing an extra i inch in length ~or 
~ixing the pile in the cap. They were then fused together 
by injecting chloroform with a hypodermic needle between the 
edge of the web and the side of the flange. A wooden 
jig was built to ~acilitate holding the web on the flange 
during the injection of the chloro~orm and during the 
fifteen minute setting time (Figure 6). The portion of 
the jig in direct contact with the plexiglass was covered 
13 
Figure 6. Wooden jig used for fabrication of piles 
14 
with a light coat of grease, so the plexiglass would not 
adhere to the wood during the fusing operation. After the 
web was fused to one flange, the assembly was turned over 
and fused to the other tlange. The edges to be fused 
were roughened with sandpaper to afford a stronger bond. 
c. Fabrication of Pile Cap and Wall 
The pile cap was made from 3/4 inch thick plexiglass. 
The required three by four and one-half inch cap was 
scribed on one end of a piece of plexiglass approximately 
six by eight inches in size. Before the cap was cut out, 
the locations of the H-piles were scribed on the bottom of 
the cap. The piece of plexiglass was then bolted to the 
table of a milling machine, running the bolts through 
the portion of the plexiglass not to be used in the cap. A 
1/16 inch end mill was used to mill the two vertical H-slots 
i inch deep for the insertion of the vertical piles. The 
H-slot for the battered pile was milled in the same manner, 
except that the plexiglass was bolted to the table at the 
required angle to the horizontal. Small wedges were insert-
ed under one edge of the plex1glass until the proper angle 
was achieved. This angle was measured by the use of an 
adjustable square. In this way, the vertical motion of 
the end mill cut the H-slot, so the slot's bottom would 
hold the battered pile at the required batter. The top 
of the slot on the bottom of the cap was milled slightly 
15 
larger than the 1/16 inch required for the pile to enable 
a plexiglass cement to be run in and around the pile for 
added support. 
A J/8 inch thick piece of plexiglass was chosen for 
the wall and cut to the proper size. The pile cap was 
turned over and bolted directly to the milling machine 
table as before. A J/8 inch slot was milled across the 
middle of the cap in the direction of the wall for secur-
ing the wall to the cap. Again, the top edge was flared, 
to facilitate the application of the plexiglass cement. 
Before fastening the piles and wall to the pile 
cap, the cap was cut from the larger piece of plexiglass. 
The vertical piles were set in their respective slots 
and squared perpendicular and parallel to the web. 
When the author was satisfied with their location, 
chloroform was injected in the slot to temporarily secure 
their position. The batter pile was temporarily secured in 
the same manner, but it was squared only perpendicular to 
the web. It was set at the proper batter in the direction 
parallel to the web by using the adjustable square. Then, 
the plexiglass cement was run in around the top and allowed 
to set for twenty-four hours. After the setting time 
passed, shrinkage and air bubble cracks were noticed in 
the cement. These cracks were filled with cement and 
allowed to set the required time. This crack filling 
sequence was repeated a number of times until no cracks 
16 
were noticeable. The wall was attached to the cap in the 
same manner as the piles: squaring, temporarily securing 
with chloroform, and cementing. 
D. Strain Gage Application 
Type A-1 SR-4 strain gages were selected for appli-
cation at the one-quarter, one-half, and three-quarter 
points. Since the author wanted to apply the gages no 
farther than i inch from the ends, the type A-1 gage 
could not be used at the top and bottom points because it 
was too large. Therefore, the smaller type A-7 gage was 
selected for application in these areas. The gages were 
applied to the piles with Duco Cement in accordance with 
the instructions provided with the gages (lJ). 
Since the model would be tested in sand, the gages 
and their leads had to be waterproofed. A non-waterproof 
gage or lead would have permitted shorting between the gage 
and the sand, thereby leading to erroneous strain readings. 
Because of this requirement, a lead wire with a waterproof 
insulation was chosen. Since it was decided to use a 
common ground, one lead from every gage was wired together. 
The wires for the remaining leads were out to size and 
soldered into place. 
General Electric silicone rubber was chosen as a 
waterproof because its toughness would prevent any abrasive 
action the sand would cause. However, this silicone rubber 
proved insufficient as a waterproof and was later covered 
17 
with beeawex. The leads were cemented to the piles a 
short way away from where the1 entered the silicone-
beeswax ~~terproof, so they ~ould not break the waterproof 
coat in this area if they were moved. The waterproofing 
continued until there was more than 50 megaohms resistance 
(14) between a tank of water ~d the gage, as checked by 
a vacuum tube voltmeter. 
The ~odel with strain gages attached and before 
waterproofing can be seen in ?igure 7• 
E. Load~ns S~stem 
The lateral load was applied to the back of the wall 
at the lower third point, through a plastic knife edge 
riding in a scribe mark as sho~ in Figure 8. The knife 
edge asse~bly was attached to a cardboard box in which 
lead shot was placed for the lateral load. A wire passing 
over a pulley connected these t-o components and permitted 
the later-l load to be applied as dead weight. 
The downward load on the heel of the pile cap was 
applied b1 a plastic loading bOX filled with mercury. Mer-
cury was ~sed because of the restricted size of the loading 
box, dict~ted by the width of the pile cap and small height 
required to fit under the late~al load device. 
The sand in which the tests were conducted was 
placed in a plywood box. This box was made to a size 
sufficiently large to eliminate any boundary conditions 
that might be imparted by a confining box. 
18 
Figure 7. Model with strain gages attached. 
19 
Figure 8. Model in sand with load apparatus in place. 
20 
IV. EXPERIMENTATION AND RESULTS 
A. Preliminary 
In order to facilitate handling a model with so many 
attached wires, the wires were taped together to form 
three cables, one cable from each pile. The wires were 
tagged, so it could easily be seen which wire came from 
which gage. 
The bottom and side of the box on the inside were 
marked, so the model could be set in a direct line with 
the pulley attached on the outside of the box. 
The sand in which the tests were conducted was a 
very fine sand, one with a fineness modulus (15) of 1.87. 
A fine sand was selected because it was felt that large 
particles, especially those resting against the piles, 
would introduce some error in the strain readings. 
The Rankine Theory of active earth pressure was used 
to determine the loads which should be applied to a wall 
the size of the model. Varying the soil unit weight in 
ten pound per cubic foot increments, from zero to 150 
pounds per cubic foot, allowed the plotting of curves 
versus unit weight; thereby increasing the accuracy of the 
plot at any particular unit weight. However, preliminary 
trials showed that the strains at a load of 150 pounds per 
cubic foot were so small that they were entirely inaccurate. 
Therefore, exaggerated soil unit weights up to 400 pounds 
per cubic foot in increments of 50 pounds per cubic foot 
21 
were used. On this basis, the horizontal and downward 
loads were determined in grams for more accurate weighing 
of the load materials on a balance. 
For reading the strains in the thirty strain gages, 
two Budd Strain Indicators were used. One indicator set 
with a gage factor of 1.97 was used for reading the A-7 
gages, and one set with a gage factor of 2.05 was used 
for reading the A-1 gages. The four leads from each box 
were connected to one side of two double-pole-double-throw 
switches which were connected to three ten-channel Budd 
Switch and Balance Units wired in series (Figure 9). 
Therefore, any one of the thirty channels could be read on 
either strain indicator by throwing the DPDT switches. 
This enabled both the A-1 and A-7 gages to be wired through 
any channel of the switch and balance units and to be read 
on the appropriate strain indicator, the one showing the 
proper gage factor. This procedure was adopted because 
preliminary trials showed that using one strain indicator 
and changing the gage factor was too inaccurate. Changing 
the gage factor introduces errors in the neighborhood of 
twenty to thirty microinches per inch. A temperature com-
pensating gage was made from a three by six inch piece of 
plexiglass, J/8 of an inch thick. An A-1 gage was cemented 
on and waterproofed as before. This compensating gage was 
connected in series with the switch and balance units, so 
it would compensate for any of the active gages. 
22 
Figure 9. Strain gage equipment set up for testing. 
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B. Test Procedure 
Before the actual testing could take place, the model 
had to be embedded in the sand. This was accomplished by 
placing the bottom of the piles on the line previously 
drawn on the bottom of the box. Sand with a moisture 
content of approximately 5% was then placed around the 
piles in one-inch lifts and compacted by rolling a piece of 
steel about two inches in diameter and four inches long 
over the sand. The location of the piles on the bottom of 
the box with respect to the sides was measured before the 
filling proceeded; care was taken not to pull any of the 
lead wires from the gages. When the box was about two-
thirds full, the compensating gage was placed in the sand. 
Since all the load was to be carried by the piles, the 
filling concluded about 1/8 inch below the bottom of the 
pile cap (Figure 10). In this way, the pile cap would not 
help carry the load. At this point, a waterproof check 
was made to make certain none of the waterproof coating 
was broken during the embedment operation. This was done 
by attaching one lead of the vacuum tube voltmeter to the 
common ground of the gages, and the other to a metal saw 
blade inserted in the sand. 
The load apparatus was set in place and the model 
was left undisturbed for a few hours in order to allow 
it to seat properly in the sand and eliminate any effects 
Figure 10. Model embedded in sand before the load 
apparatus was set in place. 
24 
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of creep caused by the loading apparatus. During this 
time, the lead shot and mercury loadings were weighed-out 
in paper cups. Also, the strain gages were wired to the 
switch and balance units which had already been wired 
through the DPDT switches to the strain indicator as was 
previously stated. 
Just before the actual testing got under way, another 
check was made to see if the gages were still waterproof. 
There was always the possibility that a small break in the 
waterproofing would allow moisture to soak in after a 
period of time. 
When all was in order, the testing began by zeroing 
the strain gages. It was attempted to zero as many of the 
gages as possible at some common or near common reading to 
facilitate taking the readings. The zeroing was repeated 
until the author was certain that creep was at a minimum 
and that all zero readings were correct. The load incre-
ments were applied and a strain reading taken after each 
application. Since creep is associated with the use of 
plexiglass, the strain readings were always taken in the 
same sequence as indicated by the numerical-alphabetical 
order presented in Figure 11. In this manner, an assumed 
constant creep rate error would be eliminated. 
Since some disturbance in the sand caused by loading 
would take place, the box had to be emptied and refilled 
for the second and third trial. The same procedure was 
followed in these trials as was followed in the first. 
b 11 a b 6 a 
b 12 ab 7 
b 1) a b 8 a 
b 14 a b 9 a 
b 15 a b 10 a 
Figure 11. Numerical-alphabetical sequence 
of gage location. 
a 
In each tri9l, the in-place density was checked, and it 
was very close to 9 5 pounds per cubic foot in e::..ch cas~. 
C. Presentation of Experimental Results 
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The strain reading data compiled during the three 
trials were analyzed with the help of an IBM 1620 computer. 
The moment and axial load can be calculated by knowing the 
strains in two adjacent gages and the following pile pro-
perties: (1) the modulus of elasticity of the plexiglass, 
(2) the moment of inertia, area, and distance from the 
neutral axis to the extreme fiber of the pile. The mod-
ulus of elasticity of the plexiglass was determined by 
the cantilever beam method which is further discussed 
in Appendix A. 
'rhe following set of sample calculations shows the 
procedure used in determining the axial load and moment. 
The following symbols will be used in these calculations: 
€1 = strain on one side of pile 
E2 = strain in pile on other 
o-1 = stress at 
€ 1 
<Y2 = stress at t2 
E = modulus of elasticity 
I = moment of inertia of pile 
A = area of pile 
side 
c = distance from neutral axis to extreme fiber of pile 
m = moment at location of strains 
a = axial load at location of strains 
then, 
Given the following strain: 
(1 = .000025 in./in. 
€2 = .000040 in./in. 
~1 = € 1 X E = .000025 X 425000 = 10.625 psi. 
~2 = .Q00040 x 425000 • 17.000 psi. 
The difference of the two stresses (o1 - ~2 ) divided by 
2.0 is the portion of the stress causing moment. The 
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moment causing stress subtracted from a- 1 is the axial load 
portion of the stress. 
Using the familiar equations: 
(J = !!!.£ I 
and, 
<J= a A 
it follows that, 
ffa, _(f2 X I 
m = 2 c 




= -0.18 1n.lbs. 
and, 
a = r1 - [()1 ; Cf'2] X A 
= ~0.625 - 10.625 ; 17.00~ X 0.0296 
= 2.32 ).tbs. 
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A tabulation of the actual strains, moments, and axial 
loads by the locations previously described may be found in 
Appendix B. Appendix B also contains the computer program 
used and an explanation of its terms. 
Figures 12 through 41 are ourves of axial los.d versus 
soil unit weight and moment versus soil unit weight for each 
gage location. The three trials are indicated by the dotted 
line curves on the graphs and the solid line curve desig-
nates the average of the three trials. This average 
curve was found by averaging the slopes of the three trial 
curves and plotting this average slope corrected to go 
through zero. Where some of the data was thought inaccurate, 
as shown in Appendix B, weighted averages were used. 
From these average curves, the moment and axial load 
at a reasonable soil unit weight of 120 pounds per cubic 
foot was plotted versus location, or more aptly put, 
versus depth. These curves can be found in Figures 42 
through 47. 
The axial load curves show compression in the battered 
pile, which was definitely expected. The vertical piles 
were both in tension or had uplift in them with the center 
pile exhibiting less tension than its neighboring vertical 
pile. The moment in all piles was small, being positive at 
the top (that is, clockwise when viewing the pile group 
with the battered pile on the right), changing to negative 
somewhere between zero and one-fourth the way down, and 
approaching zero as depth increased. 
D. Results by Common Practice Method 
JO 
Using the common practice method of design presented 
in the introduction, a soil unit weight of 120 pounds per 
cubic foot would be transmitted to the tops of the piles 
in the following manner: an axial compressive force of 
).091 pounds in the batter pile, an axial compressive force 
of 1.215 pounds in the center vertical pile, and an axial 
tensile force of 0.555 pounds in the back vertical pile. 
An excess horizontal force of 2.075 pounds should be taken 
by the bending developed in the piles. 
V. CONCLUSIONS AND RECOMMENDATIONS 
The results of the common practice method compare 
unfavorably with the experimental results taken from 
Figures 42 through 47 at zero depth. It seems as if the 
excess horizontal load which was supposed to have been 
resisted by bending in the piles has actually rotated 
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the pile cap; thereby adding more compression to the 
battered pile, putting the center vertical pile in tension, 
and adding tension to the heel vertical pile. 
The grain size of the sand introduced some error. 
Although the sand was very fine, it was still the size of 
large gravel when compared to the model scale. This re-
duced the skin friction that the piles should have devel-
oped; thus allowing the group to overturn more easily. 
The axial load transmitted to the sand varies with 
depth; less load being taken by the piles as the depth in-
creases. The center pile is an exception to this, as its 
axial load increases about three-fourths of the way down. 
The author believes that this was due primarily to the 
inaccuracy in the strain readings caused by the small 
load in this pile, and that the pile load does not really 
increase at this point. 
All piles exhibit some bending, but very little; not 
the bending which should have been transmitted if all the 
excess horizontal load was taken in this manner. Apparently, 
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the bending was caused by the lateral displacement of the 
pile cap. The small lateral displacement (0.0005 inches, 
as measured by a dial gage) would cause a small positive 
moment to be applied to the top of the fixed end pile. 
The bending changing to negative, then damping-out, is 
similar to the sinusoidal damping-out of the bending in 
a beam on elastic foundation. 
It might be possible to fabricate the piles from 
some metal with a low modulus of elasticity, such as 
aluminum or brass. This would eliminate, to some degree, 
the problem of creep which is always present when using 
plastic, although using a metal pile would make the 
fabrication process much more difficult. Even though a 
sand with a low fineness modulus was used, a still finer 
sand might increase the accuracy of the results. An 
experimental analysis should be made of a model designed 
so that there are sufficient batter piles to carry all 
of the horizontal load. This investigation may more 
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APPENDIX A 
The modulus of elasticity of the plexiglass was 
determined by the cantilever beam method. This consists 
of measuring the deflection, b, at the end of a cantilever 
beam with a concentrated load also at its end, p; calcu-
lating its moment of inertia, I; and measuring its 
length, 1. These values may be substituted into the 
equation for deflection at the end of a cantilever beam, 
0 = plJ 
JEI 
from which the modulus of elasticity may be found. 
Using the set-up shown in Figure 48 , the deflections 
at various loads were determined. A plot of load versus 
deflection allowed for a more accurate determination 
of the deflection at any particular load. The plexiglass 
used in the test was out from the same sheet as the plexi-
glass used in the piles. The length of the beam was 
measured, using a scale graduated in hundredths of an inch. 
Since the thickness of plexiglass varies somewhat, it was 
measured at different points along the beam with a micro-
meter and an average value used. The width w~s also 
averaged by measuring it at various points with a micro-
meter. 
Three trials were run, using beams of different lengths, 
the results of which are plotted in Figure 49. The modu-
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different trials, using the results of the curves and the 
other data found on Figure 49. An average rounded-off 
value of 425,000 pounds per square inch was determined. 
APPENDIX B 
The strain data and the results of the calculations 
for axial loads and moments tabulated in this appendix 
were derived from the following computer program written 
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in the Fortran II language and run on the IBM 1620 computer. 
DIMENSION ZERO(JO),STRAI()0,8),STRA(J0,8),STRS(J0,8),P(8) 
DIMENSION OMEN'r ( 8) 
KONT=O 
READ 10,E,C,ERTA,A 




DO 15 J=1,8, 1 
S'rRAI( I ,J) =STRA( I ,J) -ZERO( I) 
STRAI(I+l,J)=STRA(I+1,J)-ZERO(I+1) 
STRS ( I,J) =s·rRAI (I ,J) *E 
STBS(I+1,J)=STRAI(I+1,J)*E 
PBS=(STBS(ItJ)-STBS(I+l,J))/2. 
AS=STBS (I ,J J -PBS 
.P(J)=AS*A 









20 PRINT 40,((STBAI(K,L),L=1,8),K=M,M) 
CALL EXIT 
10 FORMAT (4E18.8) 
7 FORMAT (10P7.6) 
JO FORMAT (9H1LOCATION,IJ) 
40 FORMAT (F20.8) 
35 FORMAT (7HJMOMENT) 
)6 FORMAT ( lHJ) 
END 
where, 
ZBBO = zero strain reading 
STBA = strain reading 
STBAI = actual strain 
STHS = stress 
P = axial load 
OMENT = moment 
KOWr = counter used for printing out gage location 
E = modulus of elasticity of the plexiglass 
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C = distance from neutral axis to extreme fiber of pile 
ERTA = moment of inertia of pile 
A = area of pile 
M = a value used for double subscript notation 
PBS = stress due to moment 
AS = stress due to axial load 
After the program reads in the values for the modulus 
of elasticity, distance from the neutral axis to the extreme 
fiber, moment of inertia, and area, it reads in the zero 
reading and eight strain readings for each of two adjacent 
gages, using a double subscript notation. Then, the 
necessary calculations are made and the answers printed 
out. Now the program loops back to read in another set of 
zero readings and strain readings and to do the next set of 
calculations. This loop continues until the data from all 
thirty gages is evaluated. 
TABLB I 
~ial 1 daua and its evaluation 
Looat1on Soil Unit Strain Strain Axial Load Moment 
Weight Gage a Gage b lbs. in.l.bs. 
pot. a.p../in, in./1n, 
so -.00002) -.000023 - 1.64 o.oo 
100 -.oooo44 -..oooo,n - ).4) 0.10 
150 -.000060 -.OOOQ93 - 5.47 0.41 
200 . -.000077 -,000107 -.6.59 0.)7 
250 -.000100 -.000147 - 8,8Jt. o.s8 
300 -.000114 ~.000188 -10.81 0.92 
350 -.0001)2 -.000227 -12.85 1.18 
400 -.ooo1so -.ooo262 -14.75 1.40 
1* 
so .-.000010 ,000000 - 0.35 -0.12 
100 -.0000)8 -.000010 . - 1.?1 -0.35 
150 -.000080 -.000022 .. ,.65 -0.72 
200 -,000103 -.000029 .. .. .72 -0.92 
2SO -.000146 -.000044 .. 6.80 -1.2? 
)00' -.ooo189 -.oooo55 - 8.73 -1.67 
350 -.000213 -.000062 - 9.84 -1.89 
400 -.000260 -.000080 -12.1? . -2.25 
2 
J so .oooooo .oooooo o.oo o.oo 
100 : -.000010 -.000009 - 0.68 -0.01 
150 -.0000)2 -.000028 - 2.14 -o.o5 
200 -.0000)8 -.0000)0. - 2.4) -0.10 
250 ,· -.oooo62 -.ooooso - 4.01 -0.15 )00 -.000087 -.000067 < - ,.,1 -0.25 
350 -.000101 -.000078 - 6. 1 -o.28 
400 -.000130···000098 ... 8.16 -0.40 
so .ooooo~ ,00000, 0.35 o.oo 
100 .ooooo .ooooo 0,28 ·o.oo 
1SO -.ooooo5 -.ooooo5 - 0.35 o.oo 
200 .oooooo .oooooo o.oo o.oo 
250 -.000013 -.000013 - 0.93 o.oo 
300 -.000020 -.000020. - 1.43 o.oo .. 
350 -.000023 -.000023 - 1.64 o.oo 
400 -.000038 -.0000)8 - 2.72 o.oo. 
*Data aoaewbat 111 error beoaue ot atra1n indicator used. "'., . ,• 
TABLE I (continued) 
Location Soil Unit Strain Strain Axial Load Moaent 
Weight Gage a Gage b l.bs. 1n.1bs. 
J2C'I . 1n 1 L~n 1 ~n.Lin 1 
s• so -.000012 -.ooooos 
- o.6o -o.o8 100 .00004) .000010 1.89 0.41 
150 -.000060 ~.000020 
- 2.86 -o.5o 
200 -.oooo6o -.oooo23 
- 2.97 -0.46 
250 -.0000)0 -.000017 - 1.68 -o.16 )00 -.0000)7 -.000022 - 2.11 -o.18 
~ -.0000)9 -.000042 - 2.90 0.03 -.000047 -.000062 
- ).90 0.18 
6• so -.000048 .000026 -- 0.78 -0.92 
100 -.000056 .000028 
- 1.00 -1.05 
150 -.0000)8 .000020 
- 0.64 -0.72 
200 -.000028 .000025 - 0.10 -o.66 
250 -.000029 .000006 - 0.82 -0.4) 
)00 -.000012 .000038 0.9) -0.62 
350 -.0000)2 .000002 - 1.07 -o.42 
400 -.000022 -.000022 - 1.57 o.oo 
7 so .000003 .00001) o.57 -0.12 
100 -.000008 .000022 0.50 -0.37 
150 -.000022 .000035 0.46 -o.71 
200 . -.000025 .oooo46 0.75 -0.88 
250 -.000035 .000062 0.96 -1.21 
300 -.000048 .000078 1.07 -1.57 
)50 -.oooo6o .oooo85 0.89 -1.81 
400 -.000072 .000098 . 0.93 -2.12 
8 so .ooooo6 .000006 0.42 o.oo 
100 .000004 .000008 0.42 -o.o5 
150 -.00000) .000012 0.32 ;..().18 
200 .oooooo .000020 0.71 -o.25 
250 .oooooo .0000)0 1.07 -o.)7 
)00 -.000007 .000035 1.00 -o.52 
)50 -.000010 .000037 0.96 · -o.sa 
400 -.000015 .oooo48. 1.18 -o.?8 
"'""'C... 
•Data somewhat 1n error because o~ strain indicator used. 
TABL'I I (continued) 
Location Soil. Unit Strain Strain Axial Load Moment 
Weight Gage a Gage b lbs. in.l.bs. 
;eo'• in.Lin 1 in 1 l~n 1 
9 so .ooooo~ .ooooo8 0.46 -0.0) 
100 .ooooo .000008 0.42 -o.os 
150 .000003 .000008 0.)9 -0.06 
200 .ooooos .000013 0.64 -0.10 
250 .00001) .000021 1.21 -0.10 
300 .000012 .000018 1.07 -0.07 
350 .000011 .000020 1.11 -0.11 
4oO .000013 .• 000022 1.25 -0.11 
10 (Data too erroneous to be 1ncl.uded.) 
11* so .0000)3 -.000143 - 3-93 2.20 
100. . -.000027 .000002 
- 0.89 -0.)6 
1SO .oooooo .000002 0.07 -0.02 
200 .000016 .000011 0.96 0.06 
250 .000033 .000007 1.43 0.)2 )00 .oooo68 .000012 2.86 0.70 
350 .oooo6s -.000003 2.22 o.85 
4oO .0000)0 -.000013 0.60 o.sJ 
12 so .000003 .000017 0.71 -0.17 
100 .000002 .000036 1.36 ·-0.42 
1SO .ooooo6 .000069 2.68 -0.78 
200 .000012 .00009S ).83 -1.03 
2SO .000013 .000121 4.79 -1·35 
300 .000018 .000162. 6.44 -1.80 
3SO .000019 .000184 7-27 -2.06 
4oO .000018 .000210 8.16 -2.40 
1) so .ooooos .ooooo6 0.39 -0.01 
100 .000010 .000013 0.82 -0.03 
150 .000019 .000031 1.79 -0.1S 
200 .000033 .000047 2.86 -0.17 
250 .000045 .oooo66 3.97 -0.26 
300 • 000059 .000094 . s.47 -0.43 
350 .oooo66 .000104 6.08 -0.47 
4oO .000072. .000125 7.05 -o.66 
*Data aomewhat 1n error beoauae ot atrain indicator used. 
TABI.il I (continued) 
Location Soil Unit Strain Strain Axial Load Moment 
Weight Gage a Gage b lbs. 1n.l.bs. 
:20ta ~n~L~n 1 lnal~Da 
14 so .00000.4 .000004 0.28 o.oo 
100 ,, .• -:h .000008 .ooooo6 o.so 0.02 
150 .000018 .00()018 1.28 o.oo . 
200 .0000)1 • 000028 2.11 o.o) 
25o.- .oooo~ .000040 ).00 o.os )00 .000062 . • 0()0055 1+.19 o.o8 
350 .000067 .oooo&e 4.62 0.06 
400. .000080 .• Q00073 s.4? 0.08 
. 
15* so -.·ooooos -.oo·oaos • O.)S o.oo 
100 .00000) .OOOOOJ 0.21 o.oo 
150 .000010 -.000008 0.07 . 0.22 
200 .000290 .000010 10.74 J.so 
2.50 .000295 .000010 10.92 ).,56 JOO .000298 .000015 11.21 J.$4 
JSO .000298 .000018 11.)1 J.so 
400 .000300 .000015 11.28 ).56 
*Data somewhat ill error t»oauae ot strain indicator used. 




Trail 2 data and its evaluation 
Location Soil Unit Strain Strain Axial Load Moment 
Weight Gage a Gage b lbs, in.lbs, 
pot, in./in, 1n./1n. 
1 so -.000019 -.000022 
- 1.46 0.0) 100. 
-.OOOOJS -.000040 - 2.68 0.06 
1SO -.oooos8 -.oooo68 - 4.S1 0.12 
200 -.000075 -.000094 - 6.o5 0.2) 
2SO -.000096 -,00012) 
- 7.84 0.)) )00 -.000112 -.00015) 
- 9.49 0.51 
JSO -,0001)2 -.000188 -11.46 0.70 
2 so -.000017 -.000008 - 0.89 -0.11 
100 .-.000040 -.000021 - 2.18 -0.23. 
150 -.000070 -.0000)6 - 3.79 -0.42 
200 -.000106 ·-.000052 - 5.65 -0.67 
250 -.0001JS -.000061 - 7.02 -0.92 
)00 -.000172 -,000076 - 8,88 -1.20 
JSO -.000209 -.000090 -10.70. -1.48 
400 -.0002S1 -.000104 -12.71 -1.84 
so -.000008 -.000006 - o.so -0.02 
100 -.000016 -.000015 - 1.11 -0.01 
150 -.0000)0 -.000028 - 2.07 -0.02 
200 -.000048 -.000042 - ).22 -0.07 
2SO -.000061 -.000053 - 4.08 -0.10 
)00 -.000082 -.000070 - 5.44 -0.15 
350 -.000104 -.000088 - 6.87 -0.20 
400 -.0001)0 -.000109 - 8.56 -0.26 
4 so -.ooooo5 -.ooooo2 - 0.25 -0.03 
100 -.ooooo8 -.ooooo6 - o.so -0.02 
1SO -.000014 -,000010 - o.s5 -o.os 
200 -.000022 -.000017 - 1.)9 -o.o6 
250 -.000027 -,000019 - 1.64 -0.10 
)00 -.0000)7 -.000028 - 2.)2 -0.11 
)50 -,000047 -.000035 - 2.93 -0.15 
400 -.00006) -.000047 .;.. ).93 -0.20 
5 so -.000003 ,000001 - 0.07 -o.os 
100 .000004 .000004 0.28 o.oo 
150 -.000001 -.000010 - 0.39 0.11 
200 ,000001 -.000009 '- 0,28 0.12 
250 .000001.-·000010 - 0.)2 0.13 
300 .000002 -.000017 - 0.5) 0.23 
. uo· .00000) -.000027 - o.ss 0.37 0 · .. -.ooooos -.oooo4z .. 1.68 0,46 
TABLE II (continued) 
Location Soil Unit Strain Strain Axial Load Moment 
Weight Gage a Gage b lbs. 1n.lbs. 
2Cf 1 in.,!)n. 1n.L1n1 
6 so -.000015 .000001 - o.so -0.20 
100 -.000017 .000008 - 0.)2 -0.31 
1.50 -.000022 .000002 - 0.71 -0.30 
200 -.000018 .000008 - o.Js -0.32 
2.50 -.000014 .000010 - 0.14 -0.)0 
300 -.000010 .000010 o.oo . -0.25 
3.50 -.000008 .000010 0.07 -0.22 
400 -.ooooos .000006 0.0) -0.1) 
7 so -.00000~ '.ooooos o.oo -0.12 
100 -.00001 . .000008 - 0.21 -0.27 
150 . -.000024 .000017 - 0.2.5 -0 • .51 
200 -.000030 .0000)2 0.0.7 -0.77 
2.50 -.000040 .00004) 0.10 -1.03 
300 -.0000.56 .0000.50 - 0.21 -1.32 
3.50 -.000069 .000062 . - 0.25 -1.63 
400 -.000084 .000070 - o • .so -1.92 
8 so -.000003 .000001 .-. 0.07 · -o.os 
100 -.000004 .000000 -· 0.14 -0.05 
1.50 -.00000.5 .000004 - 0.0) -0.11 
200 -.000002 .000010 0.28 -0.1.5 
2.50 -.000006 .000013 0.2.5 -0.23 
300 -.000013 .000014 0.0) -0.33 
3.50 -.000018 .000020 0.07 -0.47 
400 -.000029 .000025 - 0.14 -0.67 
9 so .000000 .000002 0.07 -0.02 
100 .oooooo .000000 o.oo o.oo 
1.50 .000030 .000004 1.21 0.32 
200 .00003.5 .000008 1.54 0.33 
2.50 .00003.5 .000010 1.61 0.-31 
300 .000032 .000007 1.39 0.31 
'so .000032 .000006 1.36 0.32 00 .000030 .000007 1.32 0.28 
10 so .000004 .oooooo 0.14 o.os 
100 .00000.5 .oooooo 0.17 0.06 
1.50 .000008 .000004 0.42 o.os 
200 .000004 .000002 0.21 0.02 
2.50 .ooooos .000003 0~28 0.02 
)00 .000005 .00000) 0.28 0.02 
ug .000005 .00000) 0.28 0.02 
• 00000? .000001 0.28 9·07 . 
TABLB II (continued) 
Location Soil. Unit Strain Strain Axial. Load Moment 
Weight Gage a Gage b l.bs. in.lbs. 
1!0'· 1:nsL•n· •n.L1n. 
11 so .000027 .oooooo 0.96 0.3:3 
100 .000040 .oooooo 1.43 o.so 
150 .oooo6o .ooooo6 2.36 0.67 
200. .000074 .000007 2.90 0.8) 
250 .000095 .000012 ).8) 1.0) )00 .000115 .000010 4.47 1.)1 
JSO .000138 .000012 i·'1 1.57 400 .00016o .000012 .16 1.85 
12 so .000006 .000020 0.9). -0.1? 
100 .000002 .0000)1 1.18 -0.36 
150 .000008 .000057 2.32 -0.61 
200 .000008 .000080 ~-15 -0.90 250 .ooooo8 .000104 .01 -1.20 
)00 .000008 .• 00012? . 4.8) -1.48 
350 .000005 .000154 5.69 -1.86 
400 .000009 .000178 6.69 -2.11 
1) so .000010 .000009 0.68 0.01 
100 .000008 .000010 . : 0.64 -0.02 
150 .000020 .000024 1.57 .· -o.os 
200 .000028 .0000)6 2.29 . -0.10 
250 .000035 .000048 2.97 . -0.16 
)00 .0000~8 .oooo6o 4:,~ -0.27 
'so .oooo 7 .000078 -0.)8 00 .000051 .000095 5.22 -0.55 
14 so .000001 .000007 o.so o.oo 
100 .000004 .000004 0.28 o.oo 
150 .000012 .000012 o.8s o.oo 
200 .000021 .000021 1.50 o.oo 
250 .000026 .000026 1.86 o.oo )00 .0000)0 .0000:30 2.14 o.oo 
JSO .• 000040 .0000)8 2.79 0.02 
400 .000047 .000045 ).29 0.02 
15 so .ooooos .ooooos 0.)~ o.oo 
100 .000002 .000002 0.1 o.oo 
150 .ooooo8 .ooooo8 0.57 o.oo 
200 .000009 .000010 0.68 -0.01 
250 .000016 .000016 1.14 o.oo 
)00 .00001, .000015 1.07 o.oo 
,,0 .00002 .000025 1.75 -0.01 00 .000025 .000025 1.79 o··oo ;:.·~··' .•. - ~ 
TABIB III 
Trial 3 data and its evaluation 
Location ·Soil Unit Strain Strain Axial Load Moment 
Weight· Gage a Gage b lbs. 1n.lbs. 
:ect:a inzL!:n1 l:n·Lina 
. 
1 so -.000014 -.000018 - 1.14 o.os 
100 -.000028 -.000046 - 2.6,5 0.22 
1.50 -.000044 -.000073 - 4.19 0.)6 
200 -.0000.5) -.000100 - ,5.47 . o.s8 
2.50 •.000049 -.000119 
- 6.01 0.87 )00 -.000078 -.0001.58 - 8.45 1.00 
)50 -.000083 -.000198 -10.06 . 1.43 
400 -.000096 -.000226 -11.,53 1.62 
2 so .-.000022 -~000010 - 1.14 -0.15 
100 -.ooooso -.oooo17 - 2.39 -0.41 
150 -.G00088 -.0000)2 ·- 4.29 -0.70 
200 -.0001)4 -.000049 - 6.ss -1.06 
2.50 -.000178 -.00006) - 8.6) -1.4) )00 -.000194 -.000060 . - 9;.09 -1.67 
).50 -.00024) -.000074 -11.)5 -2.11 
400 ~.000283 -.00008) --1).10 -2.50 
so -.000010 -.000019 - 1.0) 0.11 
100 -.000024 -.000015 - 1.)9 -0.11 
1.50 -.000040 -.0000)0 - 2.,50 -0.12 
200 -.00007) -.000048 ~ 4.)) -0.)1 
250 -.000100 -.000064 - ,5.87 -0.4.5 )00 -.000106 -.00006) - 6.os -0.5) 
)50 -.0001)9 -.000080 - 7.84 -0.7) 
400 -.000168 -.000092 - 9.31 -0.95 
4 so -.000004 -.000004 - 0.28 o.oo 
100 -.000008 -.000010 - 0.64 0.02 
150 -.000018 -.000022 - 1.4) o.os 
200 -.0000)4 -.000041 - 2.68 o.os 
2.50 -.oooo~o -.oooos1 - ).8) o.os )00 -.oooo s -.oooos6 - ).61 0.1) 
)50 -.000065 -.000075 - ,5.01 0.12 
400 -.000082 -.00009) - 6.26 0.1) 
5 so .000006 .ooooo6 0.42 o.oo 
100 .000010 .000010 0.71 o.oo 
150 .000007 .000000 0.25 -0.08 
200 .. 000010 -.000003 0.25 0.16 
2'50' .000028 .000010 1.36 0.22 ,. 
.0"00009 -.000010 - o.o) 9.2) 
ug .00000) -.000020 ... o.6o ·0~"28 
-.oooooe -.oooo34 • 1.50 -~32 
. . i 
TABLE III (continued) 
'. 
Location Soil Unit Strain Strain Axial Load Moment 
Weight Gage a Gage b lbs. in.1bs. 
;ecf 1 An 1 ,lin1 •n1 ,lin. 
6 so -.000002 .000006 0.14 -0.10 
100 .000008 .000012 0.?1 -o.os 
150 .000007 .000012 0.68 -o.o6 
200 .000026 .000020 1.64 0.07 
250 .ooooss .0000)9 ).)6 0.20 
300 .000065 .000045 ).9) 0.25 
350 .000046 .000022 2.4) 0.)0 
400 .000061 .000024 ).04 0.46 
7 so .oooooo .000010 0.35 -0.12 
100 .000007 .0000)) 1.43 -0.)2 
150 .-.000013 .0000)4 0.75 -o.s8 
200 -.000017 .ooooss 1.36 -0.90 
250 -.000010 .000086 2.72 -1.20 
)00 -.000001 .000128 4.54 -1.61 
350 -.000041 .000102 2.18 -1.78 
400 -.000040 .000127 3;.11 -2.09 
8 so .000005 .000010 o.sJ -0.06 
100 .000015 .000030' 1.61 -0.18 
150 .ooooos .000030 1.25 -0.)1 
200 .000015 .ooooss 2.50 -o.so 
250 .000010 .oooo65 2.68 -0.68 
300 .000049 .000102 5.40 -0.66 
350 -.000008 .000082 2.65 -1.12 
400 -.000006 .000100 3.36 -1.)2 
9 so ·.000007 .ooooo8 0.53 -0.01 
100 .000020 .000023 1.54 -0.03 
150 .000015 .000021 1.28 -0.07 
200 .000034 .000040 2.65 -0.07 
250 .000040 .000048 3-15 -0.10 
300 .oooo56 .000083 4.97 -0.33 
350 ' .000037 .000050 3.11 -0.16 
400 .000043 ' .oooo6o '3.68 -0.21 
10 so .ooooia .000008 0.93 0.12 
100 .000024 .000012 1.28 o.15 
150 .000025 .oooo13 1.36 0.15 
200 .000038 .000018 2.00 0.25 
250 .000048 .000022 2.,0 0.32 )00 ·.oooo64 .000033 .). 7 .0.38 u:., .000042 -·.oooo27. 2.47 0.18 .oooo~tJ: .000025 2.43 0 22· 
.4" .':'~' ' '~ . ' 
TABLE III (continued) 
Location Soil Unit Strain Strain Axial Load Moment 
Weight Gage a Gage b lbs. 1n.lbs. 
;ecr. in.(in. in.t::in. 
11 50 .000018 .oooooo 0.64 0.22 
100 .000037 .oooooo 1.32 0.46 
150 .000053 .000001 1.93 0.65 
200 .000076 .000007 2.97 0.86 
250 .000103 .000010 4.04 1.16 
300 .000126 .000018 5.1S 1.35 
350 .000141 .000009 5-31 1.65 
400 .000161 .000007 6.01 1.92 
12 so .000006 .000020 0.93 -0.17 
100 .000013 .0000.50 2.2.5 -0.46 
150 .000012 .000070 2.93 -0.72 
200 .000007 .000090 ).47 -1~.03 
250 .000017 .000130 5.26 -1.41 
300 .000010 .000147 5.62 -1 •. 71 
3.50 .000004 .000164 6.01 -2.00 
400 .000018 .000200 7.80 -2.27 
13 .50 .000012 .000016 1.00 -0.05 
100 .00002.5 .000040 2.32 -0.18 
150 .oooo3o .000051 2.90 -0.26 
200 .000033 .000070 3.68 -0.46 
250 .000049 .000105 .5.51 -0.70 
300 .000047 .000110 5.62 -0.78 
350 .000044 .000126 6.08 -1.02 
400 .000060 .00016.5 8.05 -1.31 
14 50 .000010 .000010 0.71 o.oo 
100 .000030 .oooo3o 2.14 o.oo 
1.50 .00003.5 .000035 2.50 o.oo 
200 .000043 .000043 3.o8 o .• oo 
2.50 .000065 .000065 4.65 o.oo 
300 .oooo68 .000068 4.87 o.oo. 
3.50 .000072 .000073 ,5.19 -0.01 
400 .000062 .000098 5.73 -0.45 
15 .50 .000008 .000006 0.50 
0.02 
100 .000019 .000019 1.36 o.oo 
1.50 .00002.5 .00002.5 1.79 o.oo 
200 .0000.57 .0000.54 ).97 0.0.3 
2.50 .000047 .000047 .3.36 o.oo 
300 .000050 .0000.50 ).58 o.oo 
~ .oooo66 .00006) 4.62 ·o.o3 .000069 .oooo6s 4.79 o.o.s 
1.1.'?;!2~ 
